A new formalism describing the leading FSE in the response of 3 He-4 He mixtures at high momentum transfer is presented and discussed. The main ingredients required in the computation of the response are the one-body and the semidiagonal two-body density matrices of the mixture, together with the semidiagonal two-body density matrix of a fictitious mixture in which the 3 He atoms are replaced by bosons of the same mass and at the same partial density. The formalism can be conceived as a generalization to the mixture of the FSE theory of Gersch and Rodriguez, even though substantial modifications have been introduced in the derivation on order to allow the inclusion of a fermion component into the system.
I. INTRODUCTION
The dynamic structure function of pure 4 He at low and high momentum transfer has been largely studied and measured since Hohenberg and Platzmann's proposal 1 of using inelastic neutron scattering to probe single-particle properties such as the momentum distribution in quantum liquids. Many theoretical [2] [3] [4] [5] and experimental work [6] [7] [8] designed to study Bose-Einstein condensation in superfluid 4 He was started since then, and much information regarding the nature of quantum interactions has been collected thus far. An alternative system in which Bose-Einstein condensation plays a fundamental role is the isotopic 3 He-4 He mixture, stable at low 3 He concentrations and temperatures, and that presents much richer static and dynamic properties due to the strong interaction between bosons ( 4 He) and fermions ( 3 He). Besides that, inelastic scattering in 3 He- 4 He mixtures allows probing the 4 He and 3 He momentum distributions, yielding in particular relevant information regarding the condensate fraction value n (4) 0 of 4 He, the value Z F of the discontinuity in the 3 He momentum distribution at the Fermi momentum k F , and the depletion of the 3 He momentum states states below the Fermi surface which contribute to the large energy tails of the response.
However, 3 He atoms are high neutron absorbers and therefore the experimental measurement of the dynamic structure function S(q, ω) in systems containing 3 He is technically difficult. For this reason only few measurements of the high q response of pure 3 He 9,10 have been reported up to the date, and even fewer of the q → ∞ response of the 3 He-4 He mixture. In fact, the first experimental analysis of the high momentum transfer response of the mixture was performed by Wang and Sokol 11 in 1994 and the analysis of the scattering data led to surprising conclusions, in particular that the 4 He condensate fraction and the 3 He kinetic energy per particle were more or less a 50% off from their variational 12 and Path Integral Monte Carlo estimations 13 . However and despite the existing discrepancies between theory and experiment, no new measurements of these quantities have been performed yet and hence the question of what these values really are still remains open. Consequently, theoretical investigations of the dynamic structure function of the mixture and further analysis of the measured data are well justified.
In this work we present a new formalism designed to describe the dynamic structure function of the 3 He- 4 He mixture in the high momentum transfer limit and at T = 0. The formalism is obtained as an extension of the method originally derived by Gersch and Rodriguez 14 to analyze Final State Effects (FSE) in pure 4 He, but incorporates new features that allow the inclusion of a fermionic component such as 3 He into the system. In most of FSE theories, the high q behavior of the dynamic structure function is retrieved from a short time expansion of its Fourier transform, the density-density correlation factor S(q, t) 15 . To the lowest orders in the expansion, this usually leads to expressions of S(q, t) in the form of the algebraic product of the Impulse Approximation (IA) and a FSE function carrying the leading corrections to the IA S(q, t) = S IA (q, t)R(q, t) ,
which once transformed back to energies yields a prediction of S(q, ω) in the convolution form
and where S IA (q, ω) and R(q, ω) are the Fourier transform of S(q, t) and R(q, t), respectively. This procedure has been successfully applied to pure 4 He, mostly considering that a convolution product in S(q, ω) produces the observed quenching of the IA delta peak at ω = q 2 /2m 4 generated by the macroscopically large number of atoms occupying the BoseEinstein condensate.
In the mixture and when the transferred momentum is high enough for the incoherent approximation to hold, the dynamic structure function becomes
where x 3 is the 3 He concentration of the mixture, and σ 3 and σ 4 are the cross sections of the separate scattering processes (σ 3 = 5.61 and σ 4 = 1.34 in units of barns 17 ). Each of the individual responses is related to its corresponding density-density correlation factor 
1 (r) presents an infinite number of nodes, no particular information concerning the nodal structure of S (3) (q, t) is known, thus indicating that an expression like (1) could lead to a divergent definition of the 3 He FSE broadening function. This means that FSE corrections in the mixture may not be entirely convolutive. Within the theoretical framework derived in this work, the 4 He response is predicted to be broadened by FSE in a convolutive form, while FSE corrections in the 3 He response are introduced in two ways. In a first step, the 3 He IA is convoluted to a purely bosonic FSE function that disregards the fermionic nature of 3 He atoms and that consequently does not present the potentially divergent behavior commented above. Finally, a second FSE function carrying the leading statistical corrections to the bosonic FSE is added on its top. All these FSE functions are at the end written in terms of the one-body and the semidiagonal two-body density matrices of the mixture
together with their equivalent quantities in a mixture in where the 3 He atoms have been replaced by bosons of the same mass and at the same density. These functions can be computed either from a Monte Carlo simulation or from the diagrammatic expansion of a variational model of the ground state wave function Ψ 0 , the latter being the lowest energy eigenfunction of the Hamiltonian
corresponding to a mixture in which a 3 He and a 4 He components coexist and interact through pairwise local and central potentials V (αβ) (r). Notice that in the general case considered here the interaction might distinguish among the isotopes and that therefore four different potentials should be considered, each one corresponding to the different types of particle pairs that can be formed. Once with a suitable approximation of Ψ 0 , the required one-body and semidiagonal two-body density matrices may be determined and the result used to calculate the IA and the FSE functions. The density-density correlation factors obtained in this way incorporates dynamical as well as statistical FSE corrections and avoids the formal problems associated to a purely convolutive 3 He FSE function. At the end, the total response S(q, ω) of the mixture is obtained once the Fourier transform of S (3) (q, t) and S (4) (q, t) are used in (3). This article is organized as follows: in section II a first order differential equation for the operator responsible of the FSE in S (α) (q, s) is derived and discussed, and a general solution in the form of a cumulant series is proposed. In section III an explicit representation of a first order solution valid in the high q limit is suggested and analyzed. Finally in sections IV and V this solution is adapted to describe the individual 3 He and 4 He responses of the mixture, which at the end lead to expressions of the 3 He and 4 He FSE functions involving integrals of the interatomic potentials, the one-body and the semidiagonal two-body density matrices of the system. Summary and conclusions are left to the end.
II. DERIVATION OF THE SERIES EXPANSION
In a first step, and following the arguments developed in ref. 15 , the operator entering in the definition of the density-density correlation factor S (α) (q, t) in eq. (4) is shown to satisfy a first order differential equation. This equation admits an expansion in inverse powers of what in a deep inelastic neutron scattering experiment would be identified to the recoiling velocity of the struck particle, v (α) = q/m α , and therefore its solution can also expressed as a power series in this parameter. The leading contributions to the FSE in the q → ∞ limit are then revealed by the lowest order terms in the series, which govern the behavior of the response at high momentum transfers. This is done starting from the expression of S (α) (q, t) and acting with the two translation operators exp(−iq · r j ) and exp(iq · r j ) on the time evolution operator exp(−iHt) appearing in between. This leads to
where
·p j is the projection of the momentum of particle j along the direction of the recoiling velocity v (α) , and ω (α) q = q 2 /2m α may be understood as its kinetic energy when the momentum transferred to the system is high. Taking into account the particle exchange symmetry of the ground state wave function, introducing an identity in the form 1 = exp(−iL
j t) between the exponential operators and moving the time evolution operator to the left, the density-density correlation factor becomes
where C (α) (s) is the product of all but the rightmost operator in S (α) (q, s) and reads
Expressions (9) and (10) can be written in terms of v (α) and s ≡ v (α) t instead of q and t. Moreover, in the high q limit v (α) is large and t is short while their product remains of order unity, and hence one is allowed to write S (α) (q, s) instead of S (α) (q, t) and expand it in inverse powers of the recoiling velocity v (α) . Defining a new Hamiltonian H = H/v (α) , equations (9) and (10) become
wherev (α) is the unit vector pointing in the direction of v (α) . Direct differentiation of (11a) leads to the following first order differential equation satisfied by
which must be solved together with the initial condition C (α) (0) = 1, the latter being a consequence of the definition in eq. (11b). In (12),Ĥ(s) is an effective Hamiltonian that results from the action on H of the different exponential operators appearing in C (α) (s) and readsĤ
is a unitary operator that satisfies the first order differential equatioṅ
and the initial condition Λ † (0) = 1. At this stage Λ † (s) can be expanded in inverse powers of v (α) and the resulting expression be introduced in eq. (15) to show that each order in (v
can be separately solved. This is a safe procedure when the Hamiltonian is bounded from above and from below, because as it has been said in the high momentum transfer limit v (α) → ∞ while s remains of order 1, and so all expectation values of Hs = (Hs)/v (α) can be made arbitrary small by simply raising q. In this limit Λ † → 1 and only the first terms in the series contribute to C (α) . Therefore and setting
where the Λ † n (s) coefficients are independent of v (α) . Now making use of the BakerCampbell-Hausdorff formula, eq. (15) becomeṡ
where the Ω n (s) operators satisfy the general recurrence rule
To the lowest order in ǫ α , eq. (17) becomeṡ
which is trivially solved and yields a position translation operator in the variable s = sv
that reduces to the identity at s = 0. Therefore, Λ † 0 (s) alone satisfies the initial condition fulfilled by the whole Λ † (s) operator and so the sum of all the other terms in the ǫ α series must vanish at the origin. This condition can only be satisfied when Λ † n (0) = 0 for all n > 0. Proceeding in the same way, the next-to-leading order in the differential equation (17) readsΛ †
which can also be formally solved. The solution reduces to
where it must be noticed that the commutator entering in the integral can be entirely written as derivatives of the interatomic potentials. All higher order terms in the series can be equally handled, as Λ † 0 (s), . . . , Λ † n (s) and Ω 0 , . . . , Ω n (s) are the only quantities required to derive a first order differential equation for Λ † n+1 (s). This means that each order in Λ † (s) can be obtained from the previous ones and that therefore the complete and formal solution of eq. (17) can be recurrently built.
Armed with the expression of Λ † n (s),Ĥ(s) can be recovered from eq. (13) as a power series expansion in ǫ α
where the first two orders inĤ(s) are obtained from the previous results and read
Once with the expansion ofĤ(s), one can go back to the differential equation (12) satisfied by C (α) (s) and write
which must be solved recalling the initial condition C (α) (0) = 1. Notice that in eq. (25) theĤ n (s) Hamiltonians are defined as before through the relationsĤ n (s)
Different representations of the density-density correlation factor can be obtained from the different forms in which the solution of eq. (25) can be organized. One form that has proved in the past to be particularly useful is the cumulant one [14] [15] [16] , which captives the most salient features of the response and simplifies in the q → ∞ limit
Assuming this analytical form, the first s-derivative of C (α) (s) is easily calculated and leads to the following result once the latter is factorized to the righṫ
Expanding the term inside the square brackets in powers of ǫ α , introducing the resulting expression in eq. (25) and identifying equal powers of ǫ α on both sides, one readily notices that the differential equation satisfied by C (α) (s) defines a hierarchy of coupled differential equations in which each ∆ n (s) can be solved once the preceding ∆ n−1 (s), . . . , ∆ 0 (s) operators are known. The first equations in the chain reaḋ
while similar expressions for higher orders can be equally found. These three equations are readily solved and yield
Armed with these expressions, C (α) (s) is recovered as a cumulant series in the expansion parameter ǫ α
or alternatively as an additive series setting
where the Γ n (s) operators are to the lowest order independent of ǫ α . In this case one finally arrives the general solution
Equations (30) and (32) are different expressions of the same solution. Both of them can be used in eq. (11a) to generate a representation of the density-density correlation factor in which each order in ǫ α is separately displayed. As a matter of fact, this is made clear when only the (ǫ α ) 0 order term is retained, as in this case C (α) (s) = 1 and S (α) (q, s) reduces to the Impulse Approximation
which is known to dominate the q → ∞ behavior of the response. Higher order terms in the expansion introduce FSE corrections that are magnified when the transferred momentum is lowered. This result stresses a fact that was already known from the 1/v (α) series expansion of Gersch, Rodriguez and Smith 2 , mainly that the different orders in the response can be well classified and that each new term introduces higher order corrections that must be taken into account or at least approximated in some way if one seeks to characterize the response at intermediate and low momentum transfer. Unfortunately, a complete resummation of all the terms in (30) or (32) is as hard to carry out as it is the actual calculation of the density-density correlation factor starting from its definition, and consequently suitable approximations captiving the leading features of S (α) (q, s) in the range of energies and momenta desired must be looked for. When used to analyze the response at high momentum transfer, this can be done as explained in the following sections.
III. A FIRST ORDER SOLUTION
In the high q limit ǫ α is small and so if H is bounded the expectation values entering in the coefficients of the above series decrease when q is raised. In this limit the first meaningful approximation for C (α) (s) emerges when only the first term in (30) or (32) is retained
and leads to the following approximation of the response
The differenceĤ 0 (s ′ ) − H in the argument of the exponential can be written in terms of the interatomic potentials alone, which depends on the type of interaction entering in the Hamiltonian of the system. In the general case considered here in which two different species coexist and interact through pairwise local and central forces, the Hamiltonian is given by eq. (7) and so the argument of the exponential reduces tô
where use has been made in the last line of the definition of the potential difference
in which it is assumed that particles i and j are of types α and β, respectively. Moreover, the exponential operator inside the expectation value of eq. (35) is diagonal in configuration space
and thus projecting on a complete basis of position eigenfunctions S (α) (q, s) reduces to an integral over the semidiagonal N-body density matrix and the interatomic potentials
where at zero temperature ρ N is defined in terms of the ground state wave function Ψ 0
and in which the N 3 coordinates corresponding to 3 He particles should be understood as position and spin coordinates. Notice that the structure of the response reported in eq. (39) presents a characteristic feature of the approximation used to describe the C (α) (s) operator, mainly that S (α) 1 (q, s) can be written as an integral over an N-body density matrix where only particle 1 is out of the diagonal. Despite what has been commented in the literature, this simple dependence does not hold in general as in fact the next-to-leading terms in the expansion present additional non-diagonalities that lead to expressions involving integrals and derivatives of the potential as well as derivatives of the ground state wave function (see ref.
2 for further details). Equation (39) is simple compared to the expression of the exact response, but it is still very difficult to evaluate due to the N-body quantities entering on it. However, the approximation of S (α) (q, s) in eq. (39) is in the appropriate form for a Gersch-Rodriguez cumulant expansion. While the original Gersch-Rodriguez formalism deals with expectation values of time-ordered integrals of operators, the approximations made so far have brought the response to the Static Background Approximation in which the scattering time is supposed to be so short and the transferred momentum so high that the only relevant displacement in the scattering is that of the particle being struck by the incoming neutron, and so all other particles in the background are assumed to be frozen. Under these circumstances the operatorial character of the expansion disappears and the series itself reduces to the general expansion rule
where φ(r 1 , r ′ 1 ), f (r 1 , . . . , r N ; r ′ 1 ) and θ m (s) are arbitrary functions, the latter also possibly depending on particle coordinates r 1 , r ′ 1 , r 2 , . . . , r N . W 0 and ω n are the coefficients of the expansion and up to n = 1 read
while expression for higher order terms can be derived as well following the steps described in the literature 14 . Notice that due to the logarithmic nature of the expansion, this relation holds only when W 0 does not changes sign. In the current case the integral in W 0 is related to the one-body density matrix of the component whose density-density correlation factor is being analyzed, and whereas ρ 1 (s) presents a complex nodal structure and the applicability of the expansion relies on the adequate choice of φ(r 1 , r ′ 1 ). The simpler 4 He case is discussed in the next section. The not so straightforward 3 He case deserves a more detailed discussion and is discussed afterwards.
IV. THE 4 HE RESPONSE
When expressions (41), (42a) and (42b) are used to compute the density-density correlation factor of the 4 He component of the mixture, one arrives the natural extension of the original Gersch-Rodriguez result. Setting φ(r 1 , r ′ 1 ) = 0, the zero order in the expansion becomes
which fulfills the expansion condition because the one-body density matrix of an infinite boson phase does not change sign. The cumulant expansion can therefore be carried out and the zero order in eq. (43) yields the representation of the Impulse Approximation in the s variable. The first order in the series carries the leading FSE at high q's and is given by ω 1
where particle j in the first line can be either of 4 He or of 3 He and thus the integration of the N-body density matrix leads to the second expression involving the semidiagonal two-body density matrices of the mixture ρ . Collecting the result of eqs. (43) and (44), S (4) (q, s) becomes at this level the product of the Impulse Approximation and the 4 He FSE broadening function R (4) (q, s)
and
These results are formally equal to Gersch-Rodriguez ones used to compute the high q response of pure 4 He, the only difference being the presence of the ρ
term in R (4) (q, s) which is the contribution coming from the interaction of the 4 He atoms with the 3 He atoms in the mixture. As a matter of fact, in the zero 3 He concentration limit this last term cancels and expression (47) coincides exactly with the one reported in ref.
14 , thus stressing that the former is the natural extension of the latter to the mixture where two different isotopes coexist.
V. THE 3 HE RESPONSE
Even though the result in eq. (41) is general and independent of the statistics obeyed by the system, no cumulant expansion of the 3 He density-density correlation factor can be performed as described above because in this case the zero order cumulant
has no definite sign due to the nodes in the 3 He one-body density matrix. No cumulant expansion around this W 0 can be carried out, and therefore one may not allowed to write S (3) (q, s) as the convolution of the Impulse Approximation and a 3 He FSE broadening function.
However, this problem can be bypassed recalling that in the high momentum transfer limit the most relevant processes in the scattering are those taking place at short distances, where dynamical correlations dominate over statistical ones. This means that in the q → ∞ limit and disregarding the effects on the Bose-Einstein condensate, FSE in boson and fermion systems should look like quite similar, and that therefore the contribution of the statistical correlations to the FSE can be introduced as a small correction to the effect produced by the dynamical correlations, which are entirely accounted by a purely bosonic FSE function. However the IA is known to substantially depend on the statistics obeyed by the system. The s representation of the IA is proportional to the one-body density matrix, so it seems from the previous statements that this is the only quantity that really requires a proper treatment of the statistics. One can consider, therefore, a description of the N-body density matrix of the mixture in the following form
where ρ B 1 and ρ B N are the one-and the N-body density matrices of a fictitious mixture (henceforth referred to as the boson-boson mixture) in which the 3 He atoms are replaced by bosons of the same mass and at the same partial density. Notice that this replacement does not introduce any singularity in ρ N because ρ B 1 (r) corresponds to a bosonic phase and thus has no nodes.
With this prescription, the 3 He response of the mixture becomes the sum of two terms
where, quoting from eq. (39)
− ρ
In this approximation, eq. (51) describes that part of the response that can be written as the convolution of the IA, which enters through ρ (3) 1 (s), with a bosonic FSE function, that is given by the term inside the square brackets. It is important to notice, however, that the IA is exactly accounted in this term because the exact 3 He one-body density matrix has been previously factorized; while the FSE broadening function is evaluated in the bosonboson approximation. In contrast, ∆S (3) (q, s) carries the contribution of all the statistical correlations between particles 2, 3, . . . , N 3 of 3 He that are not yet accounted in ρ
1 (s). This last terms is expected to introduce small corrections to S (3) (q, s) that only appear when the 3 He response is computed beyond the IA level.
As before, eqs. (51) and (52) are difficult to handle due to the presence of ρ N and ρ B N . Nevertheless, the FSE function in (51) can be worked out just as in the 4 He case due to the bosonic nature of the functions entering on it. In this case the lowest order cumulant reads
and fulfills the expansion condition imposed on W 0 . The next-to-leading cumulant can be evaluated using expression (42b) and becomes an integral of the interatomic potentials and the 3 He-4 He semidiagonal two-body density matrices of the boson-boson mixture
This result, together with the previous ones, leads to
are equal to eqs. (46) and (47) 
thus violating the condition imposed on W 0 . This is nevertheless consistent with the previous discussion in which it was argued that no corrections to the IA are expected at this level.
The problem of finding a useful prescription for ∆S (3, 3) (q, s) can be solved inspecting the structure of the two-body density matrices that would enter in the lowest order terms of a cumulant expansion, as they carry the leading contributions to the FSE in the q → ∞ limit. When eq. (49) is integrated over all particle coordinates but r 1 and r 2 , an equivalent factorization of ρ 
can be analyzed in the framework of the HNC/FHNC equations starting from a variational ground state wave function. Careful inspection of the diagrams entering in (59) reveals that ∆ρ (r 1 , r 2 ; r
where ρ 1D (r 11 ′ ) is an auxiliary function that adds the contribution of all those diagrams linking points 1 and 1 ′ that are not connected to point 2 and with no statistical lines starting or ending at points 1 and 1 ′ . Function G (3,α) (r 1 , r ′ 1 ; r 2 ) and F (3,α) (r 1 , r ′ 1 ; r 2 ) are the sum of all other diagrams not contributing to ρ (3) 1 (s) that contain dynamical and statistical lines linking the external points. Indeed, it can be seen from its diagrammatic structure that ρ 1D (r 11 ′ ) shares many common features with the one-body density matrix of a pure boson liquid, as for instance it is always positive and its large r value approaches a constant that would be ascribed to some kind of condensate fraction value, although it has no physical meaning in this case. As a matter of fact, numerical calculation shows that in the mixture at low 3 He concentration, ρ 1D (r 11 ′ ) and ρ B 1 (r 11 ′ ) are nearly identical, and this means that both ρ 1D (r 11 ′ ) and ρ B 1 (r 11 ′ ) satisfy the expansion condition and that either of them can be used as the basic function φ(r 1 , r ′ 1 ) upon which the cumulant expansion is built. Choosing ρ 1D (r 11 ′ ) as the starting function, ∆S (3) (q, s) in eq. (52) can be brought to a form suitable for expansion purposes by adding and subtracting the former to the latter
as now the term inside the square brackets admits a cumulant expansion. The zero order term becomes
while the first order cumulant reads
and no term beyond ω 1 should be retained when looking for an approximation of ∆S (3) (q, s) of the same order of S 
1 (s) (64)
The results in eqs. (50), (55), (56), (57) and (64) constitute the prediction for the 3 He response of the mixture in the present formalism. As before, the FSE functions are built upon the interatomic potentials and the semidiagonal two-body density matrices, even though the latter must now be computed for both the actual mixture and its boson-boson approximation. As in the 4 He case, these results resemble the original ones derived by Gersch and Rodriguez and form in fact their extension to the mixture when the problem of finding a useful prescription for the 3 He response is addressed.
VI. SUMMARY AND CONCLUSIONS
In this work, a new formalism of FSE adapted to describe the leading corrections to the Impulse Approximation in the 3 He- 4 He mixture has been presented and discussed. The development is inspired on the formalism originally written by Gersch and Rodriguez to analyze FSE in pure 4 He, even though the derivation is different and has been adapted to allow the inclusion of a fermion component into the system. The fundamental problem found when trying to extend most of the existing FSE theories to the mixture is that the approximations being employed usually lead to expression of S (α) (q, s) in which the onebody density matrix ρ (α) 1 (s) is factorized, and this could lead to a singular prediction of the 3 He FSE broadening function because ρ (3) 1 has an infinite number of nodes while no particular information concerning the nodal structure of S (3) (q, s) is known. In order to overcome these problems, two different functions are used to introduce FSE corrections in the 3 He response. The former is computed assuming that 3 He atoms satisfy Bose-Einstein statistics, it is multiplied to the IA and the outcome of this product provides a first estimation S B (q, s) to yield the final approximation of the 3 He density-density correlation factor. On the other hand, the 4 He response of the mixture does not present any of the previous problems and hence S (4) (q, s) is predicted as the product of the IA and a 4 He FSE broadening function, just as in Gersch-Rodriguez formalism, but replacing the ground state quantities entering in the expressions with the corresponding mixture ones.
All this is done starting from the definition of the incoherent density-density correlation factor of the α component of the mixture and showing that the operator responsible of the FSE satisfies a first order differential equation where each order in 1/v (α) = m α /q can be separately solved. It is also shown that a general solution in the cumulant form can be recurrently built, and that only the few first terms in the series are required to obtain a good estimation of S (α) (q, s) in the high momentum transfer limit. The response determined in this way conforms to the Static Background Approximation, in which all particles but one are assumed to stay quiet during the scattering event.
However, even in this approximation the density-density correlation factor can not be easily computed due to the N-body quantities entering on it, and therefore a GerschRodriguez cumulant expansion of the response is carried out. In the high q limit only the lowest orders in the series are relevant, and they produce both the Impulse Approximation and the 4 He and 3 He FSE broadening functions. At T = 0 these functions can be written as integrals of the interatomic potentials, the one-body density matrices and the semidiagonal two-body density matrices of both the mixture and its boson-boson approximation in which the 3 He atoms are replaced by bosons of the same mass and at the same density. In this way, either a variational model of the ground state wave function or a Monte Carlo simulation can provide the main ingredients required to compute the high momentum transfer response of the mixture at the level detailed here. Further improvements in the theory can be implemented when higher order terms are considered, both in the general solution of the differential equation and in its cumulant expansion. Numerical results and comparison to actual scattering data will be published in a forthcoming paper.
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